Measurement of the polarization parameter in $\pi^{-}p$ backward elastic scattering at 6 GeV/c by Dick, Louis et al.
• 
MEASUREMENT OF THE POLARIZATION 
PARAMETER IN 1t -P 
BACKWARD ELASTIC SCATTERING 
AT 6 GeV/c 













MEASUREMENT OF THE POLARIZATION PARAMETER IN TI p 
BACKWARD ELASTIC SCATTERING AT 6 GeV/c 
CERN - I.P.N. Orsay - Oxford University Collaboration 
L. Dick, Z. Janout~ 
CERN, Geneva, Switzerland 
H. Aoi 0 , C. Caverzasio, A. Gonidec, K. Kuroda, A. Michalowicz, 
M. Poulet, D. Sillou 
Abstract 
Division des Hautes Energies, Institut de Physique Nucleaire, 
91 Orsay, France. 
D.G. Aschman, N.E. Booth, K. Green, C.M. Spencer+ 
Department of Nuclear Physics, Oxford University 
Keble Road, Oxford, England 
The polarization parameter in n-p elastic scattering has been 
measured in the backward angular region at an incident momentum 
of 6 GeV/c. The measurements cover the range of four momentum 
transfer u = 0 to -I (GeV/c) 2 , and were obtained with a high 
intensity pion beam, a butanol polarized proton target, and arrays 
of scintillation counter hodoscopes. 
The polarization is different from zero, in contradiction to 
the prediction of the naive one trajectory Regge-exchange model. 
It increases positively with the four-momentum transfer u, reaching 
a maximum of about 0.4 at u % -0.3 (GeV/c) 2 • It then decreases and 
becomes slightly negative beyond u % - 0.5 (GeV/c) 2 . This behaviour 
is not predicted by any baryon exchange model. 
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I. INTRODUCTION 
In a previous paper we reported results on n+p backward scattering at 
6 GeV/c [I], In that paper we gave a detailed description of the method and 
the experimental apparatus, which with few changes were used for the TI p 
experiment . 
We have measured the polarization parameter in backward TI-p elastic 
scattering in order to find out how different it is from zero and the 
predictions of simple Regge models, and to try to obtain more information 
about baryon-exchange amplitudes. The incident momentum of 6 GeV/c is 
sufficiently high so that the interpretation should not be complicated by the 
effects of direct channel resonances, but not so high as to be experimentally 
unfeasible because of the rapid fall-off of the cross section with increasing 
momentum. 
2. DESCRIPTION OF THE EXPERIMENT 
The experiment was carried out at the CERN PS in the p4 beam which yielded 
% 2 x 106 TI- incident onto a CERN butanol polarized proton target [2] per 
machine burst. The target was I .6 cm diameter x 3.8 cm long with an average 
polarisation PT of the free protons of 0.70. The main features of the 
apparatus are shown in fig. I. Scintillation counters S1, s2 and R formed 
the basic trigger. Not shown are lead-scintillator sandwich veto counters 
which were placed close to the target to reject particles produced outside 
the acceptance of the hodoscopes. These veto counters to a large extend 
rejected inelastic events. The threshold gas Cerenkov counters C1 and c2 
identified incoming pion~ while C4 and c5 were used to reject events with 
forward-scattered pions. The counter c7 was a large acceptance total-internal-
reflection plexiglass Cerenkov counter [3] sensitive only to particles with 
e ~ 0.8 and was used to help in the selection of backward scattered pions. 
The scintillation hodoscopes determined two points on both the incident 
and backward-scattered particle trajectories, and one point on the trajectory 
of the forward-scattered particle. Details of their dimensions are given in 
ref. [I]. After each trigger the information from the hodoscopes and Cerenkov 
counters passed through a data acquisition system into an on-line IBM 360/44 
computer. The computer wrote the events onto magnetic tape, and also carried 
out some on-line processing, the results of which were written onto another 
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tape for later processing off-line. It also had the facility for on-line 
displays of various distributions which enabled checks of the reliability of 
the experiment to be made while data acquisition was in progress. A typical 
sequence of data taking was to make two runs of about two hours duration 
each for each sign of the target polarization, and so on. 
3. DATA ANALYSIS 
Each event which had only one particle in the hodoscopes HS, H6 and only 
one in H2, H3, H4, and which satisfied preselected criteria on the presence 
or absence of various Cerenkov signals was treated as a backward elastic 
scattering event. The value of u was calculated for each event from the 
position of the forward particle in HS, H6. From elastic scattering kinematics 
and the positions of the detected particles in H2 and H3, H4 the following 
quantities were calculated : 
i) the deviation from coplanarity £ of the three particles (incident, 
scattered, recoil). For elastic events, £ = 0. 
ii) n n the angular correlation 6 m elab (measured) - elab (computed) where 
TI 8lab (measured) is the angle of the backward scattered pion in the labo-
TI 
ratory, and elab (computed) is the value calculated from the measured 
angle of the forward scattered proton, assuming the event obeys elastic 
kinematics. Thus 6 z 0 for an elastic event. 
iii) The coordinate X along the beam axis of the reconstructed event. For 
a good event, X must lie within the geometrical limits of the target. 
(X could be reconstructed to an accuracy of I .S cm, while the length 
of the target was 3.9 cm). 
Distributions of these quantities were made for various u bins and, after 
examination, cuts were made in two of the quantities, and then the distribution 
in the third one remade. Cuts in the X distributions eliminate background 
events originating from collisions in the entrance and exit walls of the 
target cryostat, and, because of the bending of the particles in the magnetic 
field of the target, reject backward-scattered particles with the wrong 
charge sign. Cuts in 6 eliminate most quasi-elastic and inelastic events. 
We chose to make cuts in X and 6 first, and then to display the £ 
distributions. Two examples at u -0.IS ± 0.03, and u = -0.7S ± 0.09 (GeV/c)2 
are shown in fig. 2. The elastic events stand out as a much sharper peak in 
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£ than the background. At small lul the background under the elastic peak is 
small ; however the signal-to-background ratio S/B decreases with increasing 
lul to about unity at u = -0.75. This change is mainly due to the factor of 
% 10 decrease in do/du over the range of u-values shown in fig. 2. The symbols 
'UP' and 'DOWN' indicate the sign of the target polarization. Comparison of 
the UP/DOWN histograms shows, particularly in fig. 2a, the change in the 
number of elastic events when PT is reversed, while the background remains 
the same. 
The background was subtracted by a polynomial fit to the tails (ie. 
regions outside the elastic peak) which was interpolated into the region of 
the elastic peak. The £ distributions were chosen for the fitting, since for 
these the shape of the background is only weakly dependent upon u. 
The relative normalization for the data taken with PT up and down was 
obtained by using the coincidence c1 c2 as a monitor, and by requiring 
consistency in the numbers of events in the tails of the distributions, as 
described in detail in ref. [1]. 
4. EXPERIMENTAL RESULTS 
The values of the polarization parameter p- in backward n-p elastic 
0 
scattering at 6 GeV/c are given in table I and illustrated as a function of 
u in fig. 3. The errors quoted have been calculated by statistical conside-
rations from the numbers of elastic and background events. Systematic errors 
in the monitoring and background subtraction combine to give an overall 
systematic error in the polarization parameter P of ± 0.03, including an 
0 
error !6P /P I< 5% from the uncertainty in the measurement of the target 
0 0 
polarization. 
The polarization parameter is small and positive at small u 1 rises to 
a maximum value of about 0.4 at u % -0.3, and appears to cross or become 
zero at u % -0.5. The data suggest a negative value of P beyond u = - 0.5, 
0 
but are also consistent with zero. In spite of the uncertainties due to the 
large errors, there is clear evidence for the existence of structure in the 
polarization. 
A comparison of the n-p polarization with the n+p polarization [I] 
indicates that they are very different, as might be expected from the different 
behaviour of the background cross sections. This is in contrast to the forward 
scattering with its well-known mirror symmetry between the two polarizations. 
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5. DISCUSSION AND INTERPRETATION OF THE RESULTS 
The polarization parameter p-
o 
in n-p backward elastic scattering is non 
zero and exhibits structure as a function of u. None of the existing baryon 
exchange models have predicted this result correctly. The models which are 
ruled out by this experiment are : 
i) The simple Regge model with a single linear 6 0 trajectory. The polarization 
must be zero in obvious contradiction with the data. 
ii) Models with an imaginary contribution to the 60 trajectory [4] ie. 
iii) 
a: (u) a + bu + cru . 
This predicts a smooth polarization proportional tootanh (-inc/U) in 
contradiction with the data. However, two further assumptions are not 
eliminated : a more sophisticated u-dependence for the trajectory, or 
the superposition of a small imaginary contribution from another mechanism. 
The variety of models considered by Berger and Fox [5] . They made a 
series of fits to cross-section data with modified Regge pole models 
which included either weak absorptive cuts, strong cuts, or Garlitz-
Ki slinger type cuts. All these are in disagreement with our experimental 
results. Inclusion of the polarization data in the fitting procedure 
does not change this conclusion [6]. 
iv) The model of Halzen et al [7] based on a kinematic cut. This model 
predicts the sign of the n-p polarization correctly and gives a zero at 
u % -0.5 (GeV/c) 2 . This zero comes from a zero in the residue function, 
and the model gives a large negative polarization at large Jul in dis-
agreement with the data. 
After the publication of our preliminary results,[8) a new generation of 
theoretical analysis has appeared. We discuss the qualitative features of 
some of these, and the mechanisms they invoke to explain the observed 
polarization, and compare some of them of our data. Apart from the 
with n-p polarization measurements we might hope to understand I 
u 
exchange which is isolated by n-p backward elastic scattering, the 
exchange also contributes to n+p and any previous interpretations 
backward scattering are necessarily modified by our new results. 
fact that 
3 
= -2 3 I 
u 2 
of nN 
An interesting and simple treatment of nN backward scattering data has 
been carried out by Barger and Olsson [9], who used linear combinations of 
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the nN differential crosa-sections and polarizations to isolate the I 




reasonable model-dependent hypotheses (for there are as yet not enough 
independent measurements to completely fix the nN amplitudes at 6 GeV/c) has 
been carried out by Ferro-Fontan [10], Minkowski [II], Hayot and Morel [12], 
and Storrow and Winbow [13]. 
These authors use the relations 
I [3 a+ + 3 ao - a-] IN++l2 + I N+_j 2 ON .. -2 
at::,. .. a = I!::,.++ 12 + I!::,.+-' 2 
I [3 a+ - 6 ao + a-] =~[t::,. N :: + !::,. N :q a. = -int 4 ++ ++ +- +-
where the o's are differential cross sections and where the superscripts 
+ , - and • refer to the reactions n+p + pn+ , TI-p + pn- and n-p + nn° 
and the subscripts !::,. and N refer to pure isospin values 3/2 and 1/2 in the 
u-channel and int. to the interference between the I = 3/2 (!::,.++ , D.+_) 
and I= 1/2 (N++ , N+_) helicity amplitudes. The polarization parameters (P) 
enter in the relations : 
(Pa)N .. _!_ [3(Pa)+ 2 + 3(Pa)
0 
-
(Pa)-] - 2 Im N+=.: N+-
(Pa) t::,. (Pa)- - 2 Im .. ++ +-
(Pa). I [3(Pa)+ - 6(Pa) 0 + (Pa)-] 2Im [ t::,. ::N - N ::t::,. "' -int 2 ++ +- ++ +-
However without data on the charge exchange polarization parameter it is 
only possible to construct the combination : 
+ 
I 




These combinations of cross-section and polarization are plotted in 
figs. 4(a) and 4(b) using the n-p polarization data of this experiment and 
our n+p data [I] at GeV/c and the differential cross-section data of Owen 
~ !!..!_ [14] at 5.91 GeV/c. Some model-independent conclusions have already 
been made by Barger and Olsson [9] from similar plots. Figure 4 exhibits the 
smooth variation in both at:,. and Pat:,. with u, but the considerable structure 
in aN, a. and [(Pa)N + -2
1 (Pa). ] . The latter quantities may all have int int 
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quadratic zeros at u % -0.15 (GeV/c) 2 , but this is somewhat uncertain because 
of inconsistencies between the a+ measurements at 5.2 GeV/c [15], and those 
at 5.91 (GeV/c) [14]. If I 
u 
+ quantities vanish at u % -0.15 (GeV/c) 2 
then P+ = P ; our results are consistent with this relationship, but do not 
require it. 
In spite of the lack of data needed to separate (Pa)N and (Pa). it is int 
never-the-less possible to put limits on these quantities using triangle 
inequalities from isospin invariance as has been shown by Dass et al [16]. 
The requirements of isospin invariance give 
and the more restrictive bounds : 
The derived bounds on (Po)N and (Po)int are plotted in fig. 5 and show 
that the large and negative polarization observed in rr+p ~ prr+ arises 
almost entirely from the interference of I = 1/2 exchange with itself. The 
u 
polarization from interference between I m 1/2 and I 3/2 exchange is 
u u 
small at large u as might be expected in a region where oN >> a~. Figure 6 
shows the bounds on the charge-exchange polarization. They are not very 
restrictive and can only rule out positive values of the polarization in the 
interval -0.65 ~ u ~ -0.3 (GeV/c) 2 • 
We now turn to discuss some mechanisms which can give rise to the 
observed polarization in rr-p backward elastic scattering at 6 GeV/c. 
Essentially all these mechanisms allow the I = 3/2 trajectory, the so-
u 
called ~ trajectory, to interfere with itself. 
Barger and Olsson [9) envisage either a phase difference of 180° in ~++ 
and ~+- , or else a zero of ~++ or ~+- in both the real and imaginary parts, 
at u :t 0.4. 
Ferro-Fontan [10) has performed an amplitude analysis based on a small 
number of hypotheses. The result from his fit to our preliminary data 1s 
shown in fig. 7. The zero around u = -0.5 (GeV/c) 2 is due to a phase 
difference of 180° between ~+- and ~++ 
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Minkowski [II] has investigated the structure of Regge residue functions 
for baryon exchange compatible with the absence of MacDowell parity doublets. 
Again fig. 7 shows the results of his fit to our preliminary data. The 
polarization results from an assumed !!.0 ,t:. 13 interference, and it is the t:. 13 
which prevents a dip appearing at u = -I .8 (Gev/c) 2 in the TI-p cross-section, 
where the 60 has a wrong-signature nonsense zero. 
Using the constraints of an isospin analysis, Hayot and Morel [12] have 
proposed a fit with an absorption model, which 1s also shown in fig. 7. 
Storrow and Winbow [13] recently presented an extensive review of high 
energy backward TIN scattering. Although no prediction for the TI-P polarization 
is given, they conclude that the 60 Regge pole should be modified by strong 
cuts in the I 
u 
3(2 exchange amplitudes. 
Aye [17] has applied the ideas of the dual absorption model to backward 
scattering, and in a qualitative way has obtained agreement with both p+ and 
P-. 
In conclusion we want to mention a very curious but possibly significant 
point. We can compare our results for the polarization in rr-p backward 
elastic scattering at 6 GeV/c to the polarization in the forward charge 
exchange reaction at comparable momenta [18,19]. These two reactions have 
been considered as key reactions in the phenomenology. Theoretically they 
should be simple because they are dominated by single exchanged objects : 
the p in the forward charge exchange scattering and the 60 in the rr-p back-
ward elastic scattering (the baryon exchange reaction is in fact a little 
more complicated due to the parity doublet problem and the ambiguities 
connected with this 20 ). In these two reactions the non-zero polarization 
is a source of difficulty for the Regge pole models. But we see from fig. 8 
that the two results show similar behaviour as a function of the four-
momentum transfer (t in the forward charge exchange, and u-u . in the 
min 
backward elastic scattering). This fact is surprising. It may be coincidental 
and the similarity made more manifest by the non-negligible errors, or there 
could be a more fundamental dynamical reason. 
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Table I 
Experimental results for the polarization in ~-p backward elastic 
scattering at 6 GeV/c 
u P(u) 
(GeV/c) 2 
-0.03 ± 0.03 0~11 ± 0.09 
-0.09 ± 0.03 0.18 ± 0 .11 
-0.15 ± 0.03 0 .18 ± 0.07 
-0.21 ± 0.03 0.20 ± 0.09 
-0.27 ± 0.03 0.36 ± 0.09 
-0.33 ± 0.03 0.39 ± 0.10 
-0.39 ± 0.03 0.12 ± 0.13 
-0.45 ± 0.03 0.02 ± 0.13 
-0.51 ± 0.03 -0.09 ± 0.14 
-0.60 ± 0.06 -0.21 ± 0.13 
-0.75 ± 0.09 -0.16 ± 0.20 
-0.93 ± 0.09 ~0.19 ± 0.25 
FIGURE CAPTLONS 
I. Experimental arrangement for the polarization measurements in backward 
TI±p elastic scattering at 6 GeV/c. 
2. Distributions of coplanarity E for the target polarization "UP", and 
"DOWN". The channel number 16 represents e: = o. ± 20. mrad. Two 
subsets of data are shown : 
(a) u = -. 15 ± 0.3 (GeV/c) 2 
(b) u = -.75 ± 0.9 (GeV/c) 2 
3. Experimental results for the polarization parameter in TI-p backward 
elastic scattering at 6 GeV/c. 
4. Isospin decompositions at 6 GeV/c of a) ON , o, and o. and 
u int. 1 b) (Po), and (Po)N + -2 (Po). u int. 
5. Constraints on the derived qualities (Po)N and (Po). from an int. 
isospin analysis. The curves are merely to guide the eye. 
6. Isospin bounds on the polarization parameter in TI-p backward charge 
exchange scattering at 6 GeV/c. 
7. Some fitted curves to our preliminary results in TI-p backward elastic 
scattering at 6 GeV/c. (--) : Ferro Fontan [JO] (-----) ; 
Minkowski [II], (-·-·-): Hayot and Morel [12]. 
8 . Polarization data from this experiment on 1f-p + pTI- at 6 GeV/c and 
from the reaction TI-p + TI 0 n at 5 GeV/c and 8 GeV/c. Here u 
min is the 
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